Abstract--The Christiansen effect appears in the i.r. spectrum of powders embedded in a solid, liquid or air matrix as an apparently anomalous transmittance (Christiansen peak) of the incident electromagnetic radiations. The peak appears at wavelengths for which the refractive index of the sample and the refractive index of the matrix are equal (Christiansen wavelength: Ach,).
INTRODUCTION I.R. SPECTROSCOPY of powders is possible by several techniques (Lecomte, 1958; Farmer et al., 1968) . The-preferred technique depends not only on the size and shape of particles and the extinction coefficient of the sample, but also on the characteristic to be measured (for example, the dichroic character of the bands). These various procedures can be grouped as follows: deposition on a disc transparent to electromagnetic radiation; self supporting films; and embedding the powder in a solid or liquid transparent to radiation. To decrease loss of light for reasons other than absorption, the particle size should be reduced to a value smaller than the wavelength of the radiation. Also, the embedding medium should have a refractive index near that of the sample in the desired spectral range.
When oriented deposits are used to study the dichroic character of the i.r. bands, the second condition cannot always be satisfied. In this case, the matrix is air with a refractive index of one. Because of anomalous dispersion (i.e. the change of the refractive index cff the sample near the absorption bands, see Fig. l ) the sample and matrix refractive indices are equal only for certain values of the wavelength (A). Between these values of A, variation of the refractive index can induce great variations in optical properties of the sample, which result in an increase of light lost other than by absorption. Some aspects of the variability of powder transmittance with )t have been studied previously (Henry, 1948) . In particular, the Christiansen effect is the increase of the crystalline powder transmittance at those wavelengths where the sample and matrix refractive indices are equal.
The purpose of this paper is to study the changes, with respect to A, in transmittance of powders embedded in various matrices, absorption being neglected. The essential features of the Christiansen effect will be reviewed and its existence demonstrated in the case of powdered talc. The influence of the Christiansen effect on the profile, intensity and position of the i.r. absorption bands will then be discussed. The paper will conclude with precautions to be taken in sample preparation and the quantitative and qualitative interpretation of spectra.
MATERIALS AND METHODS
Two size fractions of talc were used. The first, <50~Lm, was obtained by sieving; the second, < 2pro, by sedimentation. The spectra of talc were 363 ~kChrXChr Xc., x obtained by the pellet technique with KBr, CsBr, and CsI in a 1 : 50 weight ratio. A thin oriented deposit on a CaF2 window, prepared by evaporation of a talc suspension in CCL, was used to obtain the talc spectrum in an air matrix. The transmission peak (Christiansen peak) increases in intensity with the angle between the normal to the window and the i.r. beam direction. Change of this angle permits observation of the dichroic character of the absorption band due to talc hydroxyl groups. The spectrum marked "air" in Fig. 2 Fig. 1 ), the dispersion curve of the solid intersects that of the matrix, the system becomes optically homogeneous, and thus has a greater ability to transmit electromagnetic radiation. The transmittance increase at Ac~ is called the Christiansen peak. The characteristics of this peak follow.
(a) Position. According to the relative changes of the matrix and sample dispersion curves, there are one or two values of A (Acre) for which the refractive indices of sample and matrix are equal. In the three cases shown in Fig. 1 , one value is near the maximum absorption wavelength (A0). This situation makes the observation of a transmittance increase very difficult. On the other hand, the Christiansen peak can be observed easily at other ),ch~ on either side of the absorption maximum.
(b) Width at half-maximum (Avv2, where v designates cm-l). Experimental observations show that Avl/2 becomes greater as the following properties become smaller: the angle between the tangents of the dispersion curves of sample and matrix at )tc~, particle size, concentration of particles, and the filter thickness. Clarke (1968) suggests the following formula for the fractional bandwidth between the half power points (in decibels) of the Christiansen peak: r l_Ll":. 1
where: Christiansen effect on (c) Intensity. Accurate information on the Christiansen peak intensity is not available; however, Barnes and Bonner (1936) found that the intensity depends on the quantity of light lost by reflection, refraction or diffusion. In summary, the transmittance is modified, particularly at hChr, by the change of the solid refractive index in the neighborhood of the absorption band. Under these conditions it may not be valid to assume that the base line of absorption bands are always straight lines, which poses a problem in quantitative use of spectra. Therefore, it is necessary to recognize this effect and, if it exists, to choose experimental conditions for which the effect does not disturb the interpretation of spectra.
DEMONSTRATION OF THE OCCURRENCE OF CHRIST-IANSEN EFFECT. APPROXIMATION OF THE ANOMALOUS DISPERSION CURVE OF TALC NEAR THE STRETCHING OF LATTICE HYDROXYL GROUPS
The most reliable means of verifying the occurrence of a Christiansen peak is to use matrices of distinct refractive index since Ach~ must change. We have used this technique in the case of talc. Figure 2 shows the hydroxyl stretching band of talc particles, with a diameter less than 50~m, mixed with matrices of different refractive indices. The spectrum consists of two bands located near 3662cm -1 and 3678cm -~. Assignment of these bands was made by Vedder (1964) on the basis of random distribution of Fe 2 § ions in octahedral sites. The 3678cm -1 band corresponds to hydroxyl groups bound to three Mg 2 § ions (Mg 2+, Mg 2 § Mg 2+) and the 3662 cm -~ band to hydroxyl groups bound to two Mg 2+ ions and one Fe 2+ ion (Mg 2 § Mg 2+, Fe2 § Because the talc contains little iron, bands corresponding the other possible configurations (Mg 2., Fe 2+, Fe 2 § and Fe 2+, Fe 2+, Fe 2 § are not visible.
On each spectrum in Fig. 2 a transmission peak is located at the base of the absorption band. Also, the transmission maximum shifts from one to the other side of the absorption band, according to the refractive index of the matrix. This shift indicates the occurrence of the Christiansen effect. Thus, when a transmission peak alters the profile of an absorption band the occurrence of the Christiansen effect can be verified by use of several matrices with different refractive indices.
We have utilized the index equality property of the Christiansen peak in order to determine some points of the anomalous dispersion curve of talc near 3680 cm -l. It is sufficient to know the matrix refractive index at AChr in order to deduce immediately the refractive index of the sample at the i.r. spectra of powders 365 same wavelength. We have assumed that the apparent maximum of the Christiansen peak corresponds to the Ac~ which is the most distant from )to (Fig. 1) . For spectra of talc embedded in a matrix, the refractive index of which is lower than that of talc outside of the absorption band, the Christiansen peak is located on the high frequency side; there is thus no ambiguity for the Achr determination. On the other hand, for a matrix of refractive index greater than talc, the determination of )tCh~ is more difficult because of the existence of the 3662 cm -1 band. In all cases we have assumed that Ac~ falls within the position of the transmission maximum. The values of Achr have been assembled in Table 1 . The refractive indices of the matrices have been taken from the literature. From these results we can then determine some points of the anomalous dispersion curve of talc (Fig. 3) . Although not very accurate, (as pointed out by Lecomte, 1962) this technique is the only one which can be used in the case of powders. 
R. PROST PRACTICAL CONSEQUENCES OF THE CHRISTIANSEN EFFECT
The most visible manifestations of the Christiansen effect are the change of the absorption band profile and a significant shift of its maximum frequency. In the talc case, the shift is small because the band is narrow. The question of band profile comes up only if we try to resolve the components of more complex absorption features. In fact, it is the base line rather than the absorption band which is altered. The base line if formed by transmission peaks which appear at each value of A equal to )[Chr.
Thus, when the matrix dispersion curve intersects the anomalous dispersion curve of the sample at two different frequencies there are two Christiansen peaks. The characteristics of these peaks are significant, but due to the difficulty of exact determination we can only indicate the direction of change of each. One principally discusses the width at half-maximum on the basis of the Clarke's (1968) formula.
The spectra of Fig. 2 show that the Christiansen peak becomes narrower as ACh, approaches the absorption maximum. Comparison of the spectra of talc in KBr and talc deposited on a CaF2 window illustrates this point. It is a consequence of the An' variation which is much greater when the matrix is air than when it is KBr. This fact has been pointed out previously by several authors (Denmark and Cady, 1935; Barnes and Bonner, 1936; Jeramec, 1958) .
Another parameter previously considered by other workers is the size of the particles (a). Such a consideration is essential for the realization of good Christiansen filters (Denmark and Cady, 1935) . Jeramec (1958) obtained a good Christiansen filter with particles which had a size equal to ten times AChr. Nevertheless, theory predicts that the Christiansen effect exists even when the relationship between particle size and ACh, is not fulfilled, and, in particular, even when the particle size becomes smaller than Achr. In order to confirm this prediction we prepared pellets of talc powder with particles <2 ~m, in KBr, CsBr and CsI. Figure 4 gives absorbance spectra.
A distinct dissymmetry of the absorption band is observed in every case. Nevertheless, Ach, is difficult to locate because of the increase of Arm of the Christiansen peak. This change of A/JI/2 with particle size is not new. Denmark and Cady (1935) have studied the effect in a systematic way and show a significant increase of Av,2 with a decrease of particle size. However, these authors used larger particles (170 txm) than those examined in this study. Nevertheless, Art12 increases rapidly as particle size decreases. Welber (1967), using MgO particles with an average diameter of 1 ~ m, obtained spectra with a width at half maximum of several hundred wavenumbers (cm-'). These conditions are encountered in the study of clays by i.r. spectroscopy. Thus, the Christiansen effect does not disappear when the particle size becomes lower than Ach,, but Arm of the Christiansen peak increases, which reduces the dissymmetry of the absorption band. Thus, if Arm is several times greater for the Christiansen peak than for the absorption band, there would be only a small deformation of the base line.
If we consider Clarke's (1968) formula for Arm we see that the thickness of the Christiansen filter (L) has the same influence as the particle size (a). From a practical standpoint this observation is important, because it is not always possible to diminish the particle size sufficiently. To investigate this point, we have examined talc deposits, of different thickness, in the 1265 cm -~ spectral range, where the dispersion curve of talc intersects the dispersion curve of air. Fig. 5 presents spectra obtained from deposits of talc particles of 50 and 2 ~m dia. on 35 mm dia. CaF2 windows.
The weight of the deposit is given for each spectrum. It is apparent that, for a given particle size, it is not possible to study i.r. bands in the 2000-4000 cm -~ range if the deposit is too thick. This lack of transmission is due to scattering. For this reason one must use a very thin deposit to obtain spectra of hydroxyl groups in air.
Thus, we can check at least qualitatively all the parameters in Clarke's (1968) formula. In the preparation of powder samples for spectroscopy, it is important from a practical point of view to choose parameters so that Av,n is as large as possible without significant alteration of the sample, since Farmer (1957) has pointed out that grinding may result in difficulty. 
CONCLUSION
The Christiansen effect plays an important part in i.r. spectroscopy of powders. It is essential in the interpretation of spectra to know if this effect is present. We suggest the simple method of taking spectra of the sample embedded in different matrices of distinct refractive indices. If the effect exists, change in the position of the transmission maximum or alteration of the profile of the absorption band will be observed. These points have been illustrated by the spectrum for talc.
Also, the Christiansen effect can be used to determine the refractive index of the sample near an i.r. absorption band. This method was been used to determine some points of the anomalous dispersion curve of talc near the stretching band of the structural hydroxyl groups.
The Christiansen effect can be a source of error in quantitative analysis of spectra. Thus, band dissymmetry and shifts of the absorption maximum interfere with the measurement of integrated intensity, since the transmission becomes a function of the matrix and of all parameters which modify the Christiansen peak. Thus, precautions are necessary in the determination of extinction coefficients of i.r. absorption bands of powders.
Moreover, the alteration of band shape results in most cases from superposition on the absorption band of two Christiansen peaks with different parameters due to the change of An' with )t. Thus, in order to decrease the consequences which result from the occuiTence of these two Christiansen peaks, the sample characteristics can be modified to increase the width at half-maximum of Christiansen peaks. Clarke's theoretical formula, which gives an estimation of Avon, is an appropriate guide in the choice of the parameters which can be optimized during the sample preparation. Since An' is always important for the Christiansen peak near ,X0, it is not appropriate to change this parameter.
The choice of a matrix with a refractive index near that of the sample outside of the absorption band changes the width at half-maximum of that Christiansen peak which is on the side of the band only, and also decreases scattering losses on both sides of the band.
Since the alteration of the profile of the absorption bands is important only on one side of the band, we can choose a matrix which transfers the Christiansen effect to the other side. The determination of the exact position of the low frequency band of talc would be a case in point.
Because of the little change in the position of the band with the matrix used in taking i.r. spectra, it is important to specify its nature.
Finally, in order to diminish scattering, it is possible in some particular cases to choose characteristics of the Christiansen filter, made of the solid embedded in a matrix, in such a way to have a Christiansen peak with a large width at halfmaximum in the studied spectral range.
